For the microdetermination of insulin, various biological standardizations have been attempted.Recently the application of the rat-diaphragm method was introduced (Vallance-Owen and Hurlock, 1954; Randle, 1954; Takeuchi et al., 1957a) . The advantage of this latter over others is that the minimum detectable concentration is very low; that is, 0.01-0.001mU per ml can be detected. The results obtained by many investigators, however, are not always in agreement with each other, for the insulin activity in plasma as well as for the properties of the log dose response curve which is applied to the bioassay of insulin.This seems to indicate that,in the determination by this method up to the present,each detail of the procedure has not been perfectly followed under optimal conditions.Lately, one of the authors, Takeuchi(1958) , published the results of a detailed investigation on these points, but nevertheless they are not yet completely clarified.Nowwith the object of establishing a consistent and reliable estimation by the diaphragm method,some investigations have been carried out from the viewpoint that the basal uptake and the insulin effect must be correlated with each other, and consequently that there must be an intimate relationship between various experimental conditions.The present paper is intended to outline these experiments,which revealed some facts of interest. The basal uptake against which the insulin effect attained the turning point, that is, the maximum point, seemed to be nearly 0.1mg/100mg/hr., regardless of concentration of added insulin, when the medium contained 0.200% glucose. The cases in which basal uptake was below A/2mg/100 mg/hr.(A:
glucose concentration in the medium, %) were omitted to simplify the computation, since their frequency was small.
In these cases, linear regression is confirmed to be significant against deviation from regression (p<0.05), that is, F=80.9 when insulin concentration is 100m U/ml, F=26.2 when it is 10m U/ml, and F=39.2 when it is 1mU/ml.
Observation 2. Relation of insulin concentration to correlation line between the insulin effect and the basal uptake To compare the properties of the regression lines represented in Figures 1-3 , the following points were taken into consideration:
The value of x at y=0, that is, at the intersection of the x-axis and the regression line. This denotes the maximum basal uptake to be exhibited by the diaphragm, and theoretically it is impossible to obtain greater values than this, no matter how much insulin may be added.
This was designated as calculated maximum basal uptake (MBUcal.).
The value of y at x =0, that is, at the intersection of the regression line and the y-axis.This denotes the maximum insulin effect, and was designated as calculated maximum insulin effect (MIEcal.). Table 1 gives MBUcal., MIE cal, and absolute value of the regression coefficient OD for each regression line. As for MBUcal., the relation between this value and added insulin concentration was found as follows: Either when the concentration was 100mU/ml or when it was 10mU/ml, MBUcal.was always 0.548mg/100mg/hr., and when the former was 1mU/ml, the latter was 0.551mg/100mg/hr., which is nearly equal to the above mentioned.Thus, it was apparent that when the glucose concentration in the medium was constant, MBUcal.was also .nearly constant regardless of added insulin concentration.As to the relation of insulin concentration to MIEcal. and concentration was 100mU/ml, MIEcal.and obi were 0.266mg/100mg/hr.and 0.485, respectively, which gradually decreased to 0.216mg/100mg/hr.and 0.394, and 0.118mg/100mg/hr.and 0.214, as the concentration decreased to 10mU/ml and 1mU/ml.Consequently, when glucose concentration in the medium is kept constant and only added insulin concentration is varied, the resulting regression lines present a radial form with MBUcal. as the center.
It is considered that the absolute value of regression coefficient (|b|)can be used as the metameter of the response in insulin determination by the rat-diaphragm method, since it is approximately proportional to added insulin concentration, and all the regression lines between the basal uptake and the insulin effect obtained with varying insulin concentrations pass the fixed point (MBU cal.).
Hereupon this metameter was compared with the one hitherto used, that is to say, insulin effect itself. For this purpose, experiments were performed with the diaphragm from rats which were fed the balanced diet, and the medium containing 0.200% glucose to which was added insulin to 100, 10, 1 and 0.1mU/ml.
The log-concentration response curve, obtained with insulin effect and logarithm of insulin concentration, showed a linear regression (broken line in Fig.  4 ) with standard deviation s=0.280, regression coefficient b=+0.608, and index of precision (Bliss, 1952) 2=0.461. When metameters were loga- rithm of insulin concentration and absolute values of regression coefficients of the correlation lines at insulin concentrations of 100, 10 and 1mU/ml, the regression line (solid line in Fig.4 )gave the following values: s=0.212, b=+1.345, 2=0.158. Observation. 3. Relation of glucose concentration in the medium to correlation line between the insulin effect and the basal uptake The basal uptake and the insulin effect were determined with diaphragms from 172 rats, fed the balanced diet, glucose concentrations of 0.316, 0.100 and 0.032%, and constant insulin concentration of 10mU/ml.Figures 5-7 represent regression lines at different glucose concentrations, the cases in which basal uptakes below A/2mg/100mg/hr. being omitted as afore described.F, MBUcal., MIEcal. and b for these linear regressions are given in Table 1 . F is 5.7 and 15.6 at glucose concentrations 0.316% and 0.100%, respectively, which are significant against deviation from regression (p<0.05). At glucose concentration 0.032%, F is 3.8, and therefore linear regres- Fig. 7 . Correlation line between the basal uptake and insulin effect (Medium concentration of glucose, 0.032%; that of insulin, 10mU/ml) measured on the ordinate, and MBUcal.
on the abscissa, represents the correlation between these 2 at insulin concentration 10mU/ ml.
It passes the origin, and is expressed by the formula, 3.11A=MBUcal. (A: Glucose concentration in the medium, %).
Observation 4. Effect of the composition of diet The basal uptake and the insulin effect were determined with diaphragms from 96 rats given the high carbohydrate diet and from 84 rats given the balanced diet, at glucose concentration in the me- (Stadie and Zapp, 1947; Krahl and Park, 1948; Willebrands et al., 1950; Brown et al., 1952; Krahl, 1951; Randle, 1956; Rogers, 1958) . The authors performed research into this variation, and found that, in considerable measure, it was secondarily elicited by variation in the basal uptake. It was found that the insulin effect was altered not only by such factors as exert a direct effect on it, but secondarily also by factors which have an influence on the basal uptake. And in search for the way by which change in the basal uptake elicits change in the insulin effect,the correlation between these 2 values became the focus of the attention.
In the present experiments, the determination was made on glucose uptake by diaphragms from animals given high carbohydrate and balanced diet, respectively, and incubated in a medium containing glucose with or without insulin, and the results revealed that there is a linear regression between the basal uptake and the insulin effect within the range of the later A/2mg/100mg/hr.(A:glucose concentration in the incubation medium, %) as long as the glucose and insulin concentration in the medium remains constant. Kerly and Ottaway (1954) recognized a linear relation between the basal uptake and per cent increase in the Lundbaek and Stevenson (1948) performed experiments on the diaphragm method with animals given high-and non-carbohydrate diet, and Gilmore and Samuels (1949) and Hansen et al.(1951) with animals given high-carbohydrate and high-fat diet, and all observed that diaphragms from animals given high-carbohydrate diet showed higher basal uptake. The authors also found that diaphragms from the high-carbohydrate group gave higher basal uptake than those from the balanced diet group, and further that the former gave lower insulin effect. Moreover, it was confirmed that these changes were not deviations from the correlation line between the basal uptake and the insulin effect, but alterations along it (observation 4). And observation 5 leads one to consider the possibility that the above changes would be due to the insulinization to which the diaphragm was subjected in the body before sacrifice. Since the correlation curve by Kerly and Ottaway (1954) is the combination of values determined under different conditions of diet and fasting, the length of the fasting time may also be a condition which induces variation along the correlation line. And all the other conditions hitherto discussed are considered to elicit variations divergent from the correlation line. For example, variations in the temperature in the animal stock room seem to have a definite tendency to elicit a dislocation of the correlation line itself. Takeuchi(1958) reported that with rise in the temperature, increase in the basal uptake, insulin effect and oxygen consumption took place, and assumed that the correlation line obtained at different constant temperatures would nearly be in parallel relation.At any rate, it will be an important problem to clarify in what way the regression line between the basal uptake and the insulin effect would be affected by factors which have numerously been reported as bearing on glucose uptake by the diaphragm removed from the rat.
